In January 2006, an outbreak of a highly pathogenic avian influenza (HPAI) was recorded in Nigeria for the first time. This present work describes an estimation of possible costs associated with a vaccination-based control policy added to other measures to restrict HPAI H5N1 virus infections. The evaluations used epidemiological and production data, including budgets necessary for the vaccine acquisition, distribution and administration in arriving at the final costs. Using decision tree and cost benefit analysis the economical benefits for Nigeria and countries with similar veterinary infrastructures, biosecurity and farming systems are calculated. The result indicated that a halting in the continued spread of the virus through effective control measure will be 52 times better than taking no action. This should help policy makers in deciding in favour of vaccination combined with other tools as an effective means of controlling avian influenza H5N1. Control of HPAI H5N1 will best be understood by policy makers in financial terms. Effective control through vaccination of poultry is much cheaper and reduces the chances of human zoonoses. Poultry vaccination combined with other control measures will be the most effective means of control in most developing economies.
Introduction
Poultry represent a major economic source of income in Nigeria. It provides 4.45% of the total animal contribution to agricultural GDP in 2004 (Central Bank of Nigeria, 2004). Ducatez et al. (2006) claimed that it is second only to oil (petroleum) in its contribution to the national GDP. It thus plays a major role in the gricultural industry in Nigeria, an industry that employs about 60% of the population. Asian strain of highly pathogenic avian influenza (HPAI) H5N1 was reported in Africa in the beginning of January, 2006 in Nigeria (Enserink, 2006; Joannis et al., 2006) . It has caused deaths of million of birds in Africa as is the case in other affected parts of the world (Yoon et al., 2005) . Nigeria had lost 945 862 birds of various species as at mid-January, 2007. Vaccination is one of the means of controlling the further spread of avian influenza but it carries the concern of accelerated antigenic drift and evidences of masking effective diagnosis of the virus. In recent times, the introduction and application of diagnostic methods like DIVA (differentiating infected from vaccinated animals) strategies (Capua and Marangon, 2003) , and evaluation of vaccine potentials of milder strains of the viruses (Ellis et al., 2005; Subbarao and Luke, 2007) has largely resolved these issues. Despite the above significant advances in the science of the virus, a large number of policy makers in affected countries considered the issue of vaccination with a level of uncertainty even in the face of devastation the virus is wrecking in the poultry industry. Justifying the use of vaccination in favour of potential loss of target markets is indeed a hard decision to take by these individuals. In this study, we present an economic analysis of control of avian influenza in Nigeria through vaccination combined with test/eradication policy using decision tree and cost benefit analysis (CBA) and justify the need for governments of affected countries to take informed decision in view of the continued spread of the virus.
Materials and Methods
We arrived at a two times vaccination strategy combined with test and slaughter policy over a 3-year period by using decision tree analysis (DTA) ( Fig. 1 ) and choosing the most effective strategy for the country based on national peculiarities (poor biosecurity, unorganized farming systems and poor veterinary infrastructures). We used Nobilis_ Influenza H5 vaccine (H5N2) A/Chicken/Mexico/232/94/CPA (Intervet International, Boxmeer, the Netherlands) as our model vaccine. Cost of unit dose of the vaccine for poultry was $0.06 based on figures available from the producer's website (Hungerford, 2006; Intervet, 2006) . The final cost of vaccination was based on the factors of total animals to be vaccinated, frequency of the vaccination, labour and distribution costs. Vaccination administration cost (labour) of $0.04/bird/dose (Naira 5.00) was arrived at based on prevailing market price of vaccination in Nigeria. Other costs for distribution and administration of $156 128 (Naira 20 million) per annum was based on 2005 budget of the Federal Ministry of Agriculture and Rural Development, Nigeria (Animal Disease Control and National Veterinary Quarantine services). We are aware that the final cost may differ considerably from country to country but decided to use the above costing procedures which we believe may not vary much in similar developing economies. It was assumed that a 50% reduction in affected poultry population will be achieved in each year of the programme. Graduated values for poultry population was arrived at over a 3-year period based on trends of production data available from FAO, 2006 statistical website (GLIPHA). We estimated that 70% of the poultry population will be covered at each vaccination. Associated benefits were evaluated by using established production indices, poultry population in Nigeria and other available records. It includes reduced compensation per annum, prevention of egg production losses, regaining of regional trade in poultry meat, normalization of egg prices, evaluation of salvaged birds and prevention of redundancy of poultry facilities (Fasina et al., unpublished report). Most data were concentrated on layers (commercial and rural) as 98.1% of all HPAIaffected birds in Nigeria are laying birds and approximately 85% of the national poultry belong to the laying group of birds. Three years for effective control was chosen based on the Vietnamese example as reported by CIDRAP News Special Report 1 and 2 (http://www.cidrap.umn.edu/cidrap/content/influenza/avianflu/news/oct2506vietsuccess/html). All currency conversion was performed using Currency Converter on-line (http://finance.yahoo.com/currency/convert?amt= accessed on March 6, 2007) . The robustness of the values used was subjected to experts' opinion.
Results
The final cost associated with the vaccination and eradication of infected population over a 3-year period will be $91 868 561 (Table  1 ) and the final net benefit was assessed to be $5 347 325 735 (Table 2 ). Based on the prevailing discount factor in Nigeria, discounted cost and benefits were calculated for a 3-year period and the values were presented in Table 3 . The adjusted figures arrived at were used to calculate the Benefit Cost Ratio (BCR) of the project.
where n is the number of period (years) and r is the periodic interest.
Discussion and Conclusion
From the present study, we applied DTA and CBA to determine the effect of control and no control policy on the management and eradication of avian influenza in Nigeria. Based on our estimates, it was revealed that the benefit cost ratio (BCR) of our choice of control measure was approximately 52 times better than a no control policy from the economic point of view. If implemented in a strict sense, the control measures will begin to yield quantifiable result within a year of its operation and within the same year, it would have fully justify the financial cost associated with the implementation of the 3-year programme. Although cheaper alternatives were identified in the DTA, the nature of the poultry industry in Nigeria as well as several other developing and transiting countries makes the chosen method the most suitable. It is known that enhanced biosecurity, stamping out, movement restrictions and effective surveillance are able to minimize the risk of avian influenza (Capua and Marangon, 2003) , those measures alone will not be sufficient for the control of avian influenza in countries like Nigeria; and thus the use of vaccination as an additional control measure will be well justified under the circumstances of poor veterinary infrastructure, poor biosecurity and unorganized farming system that presently exist in most underdeveloped and developing economies. The use of vaccination as a control option may restrict external trade in poultry and poultry products, but it will help in protecting the industry from eventual collapse as it reduce virus shedding (Capua and Marangon, 2006; Cauthen et al., 2000) that may be associated with a no control policy, and considering the economic benefit of control through vaccination combined with test and slaughter policy, it will be a worthwhile venture. Further benefits that are associated with good control measures including environmental, ecological and medical have been evaluated and quantified by previous workers (Bridges, 2000; Mullooly et al., 1994; Bloom et al., 2005) . We agreed that our study has certain limitations and economic assumptions, which is partly explained by the weak surveillance and reporting structures in Nigeria, as well as lack of readily available data, this model will be beneficial to policy makers in using informed judgment in arriving at key decision. It will also serve as baseline data for future economic analyses. Costs associated with the intangible factors in our estimates and assumptions may vary widely with changes in disease outbreak patterns, spreads and infectiousness. Other workers had similarly identified uncertainties associated with disease situations (Ramsay et al., 1999; Horst et al., 1999 ).
In conclusion, the implementation of a good vaccination programme with test and control policy will be of utmost benefit to a country like Nigeria.
